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MAGNETIC CHART OF THE BRAZILIAN ANOMALY - A VERIFICATION 

Joseph C.  Cain 
Robert A.  Langel 

Sh i r l ey  J. Hendricks 

In t roduc t ion  

I n  a r ecen t  paper Konovalova and Nalivayko (1967) have repor ted  

, t h e  r e s u l t s  of t h e  Cosmos-26 and 49 s a t e l l i t e s  

i n  mapping t h e  magnetic "low" i n  t o t a l  f i e l d  which c e n t e r s  on southern  

B r a z i l .  We wish t o  t a k e  t h i s  opportuni ty  t o  compare t h e i r  r e s u l t s  w i th  

a n  eva lua t ion  from a r e c e n t l y  der ived f i e l d  model which i s  p a r t l y  based 

on t h e  magnetic f i e l d  experjment from t h e  OGO-2 s a t e l l i t e  (Cain e t  a l . ,  

(1964-13 and 69 r e s p e c t i v e l y )  

1967a). These magnetic survey sa t e l l i t e s  a r e  c o n t r i b u t e r s  t o  t h e  b i l a t e r a l  

coopera t ion  between t h e  U.S. and t h e  USSR f o r  t h e  IQSY World Magnetic 

Survey (Fru tk in ,  1965). 

The per iods  f o r  which t h e  USSR s a t e l l i t e  acquired da ta  were 

March 18-24, 1964, f o r  Cosmos-26, and October 24 t o  November 6 ,  1964, 

f o r  Cosmos 49 (Dolpinov e t  a l . ,  1965). The a l t i t u d e  range f o r  Cosmos 26 

was 270-403 km and t h a t  f o r  Cosmos 49 was 270-490 km. Although OGO-2 

i s  s t i l l  making measurements whenever i t s  o r b i t a l  p lane  i s  completely 

s u n l i t  (Cain e t  a l . ,  1967a), t h e  per iod from which d a t a  were taken  f o r  

t h e  a n a l y s i s  r epor t ed  h e r e  was October 29-November 19, 1965. This  

i n t e r v a l  w a s  chosen a s  being t h e  f i r s t  fo r  which a good da ta  d i s t r i b u -  

t i o n  and o r b i t s  are  a v a i l a b l e  and which i s  magnet ica l ly  very q u i e t .  Our 

a n a l y s i s  d i f f e r s  from t h a t  of Konovalova and Nalivayko (1967) i n  t h a t  we 

emplbyed a l e a s t  squares  technique t o  f i t  a p o t e n t i a l  expansion (Cain et  a l . ,  

1965). The f i t  w a s  made not only t o  a sample of OGO-2 d a t a ,  but a l s o  
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t o  a s e l e c t i o n  of a l l  a v a i l a b l e  magnetic survey d a t a  s i n c e  1900. 

r e s u l t i n g  f i e l d  model, l a b e l e d  GSFC(12/66), i s  descr ibed  by a series 

of 120 sphe r i ca l  harmonic c o e f f i c i e n t s  and t h e i r  f i r s t  and second t i m e  

d e r i v a t i v e s  (Cain e t  a l . ,  1967b). It i s  thus  poss ib l e  t o  eva lua te  t h e  

f i e l d  from t h e s e  c o e f f i c i e n t s  and t o  produce maps over t h e  B r a z i l i a n  

area. 

The 

Maps of t h e  f i e l d  evaluated f o r  1965.0 are given i n  F igure  1 f o r  

350 and 450 km a l t i t u d e .  

automatic technique [ s imi la r  t o  t h a t  r epor t ed  by Cain and Neilon (196311 

which r e s u l t s  i n  an accuracy r e l a t i v e  t o  t h e  o r i g i n a l  f i e l d  model w i t h i n  

These f i e l d  contours  were p l o t t e d  us ing  an 

t h e  th ickness  of t h e  l i n e s .  

We have a l s o  p l o t t e d  on t h e s e  f i g u r e s  t h e  l o c a t i o n s  of t h e  f i e l d  

observa t ions  taken  s i n c e  1960 t h a t  were used i n  t h e  a n a l y s i s .  

a re  about 20 north-south t r a c k s  of t h e  060-2 observa t ions  p lus  numerous 

t r a c k s  from p ro jec t  MAGNET and a few shipboard observa t ions .  Of course 

ear l ie r  da ta  from t h i s  a r ea  ( inc luding  those  from t h e  Zarya) en tered  t h e  

computation t o  h e l p  a d j u s t  t h e  f i e l d  va lues  and secu la r  change terms. 

There 

A t a b l e  of t h e  pos i t i on  of t h e  minimum of t h i s  low f i e l d  a r e a  w a s  

computed from t h e  c o e f f i c i e n t s  f o r  d i f f e r e n t  epochs as fo l lows:  

A l t i t ude  Epoch Pos i t  i o n  F i e l d  (y1 

350 km 1960 23.8 S 46.8 W 21140 

1965 23.9 S 48.0 W 20970 

(1970 23.9 S 49.1 W 20780) 

1960 23.2 S 46.4 W 20350 

1965 23.3 S 47.6 W 20190 

I (1970 23.3 S 48.7 W 20010) 

~~~ 

450 km 
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The va lues  f o r  1970 are  enclosed i n  parentheses  s i n c e  they  a r e  

ex t r apo la t ions  from t h e  present  da ta  set .  The approximate 0.2O/year 

westward d r i f t  of t h i s  f e a t u r e  which can be i n f e r r e d  from t h i s  t a b l e  

i s  i n  good agreement wi th  t h e  r a t e  noted by Bul la rd  (1950). 

Although t h e  pos i t i ons  given i n  t h e  t e x t  by Konovalova and Nalivayko 

(1967) f o r  t h e  minimum a t  350 km a l t i t u d e  i s  23OS and 4 7 W ,  t h e  cen te r  

of t h e i r  21100 Y inner  map contour appears t o  l i e  c l o s e r  t o  24 S and 48OW. 0 

For t h e  broader f e a t u r e  a t  450 km they  g ive  t h e  minimum p o s i t i o n  a t  

e23OS and 4 7 9 .  

about 23's and 47.5W. 

20900 t o  2 1 1 0 0 ~  a t  350 km and 20100 t o  2 0 3 0 0 ~  a t  450 km. 

A s c a l i n g  of t h e  cen te r  of t h e i r  2 0 3 0 0 ~  contour g ives  

For t h e  minimum values  they  g ive  t h e  f i e l d s  t o  be 

Although it i s  

not e x p l i c i t l y  s t a t e d  i n  t h e i r  paper t h a t  t h e  450 km map r e s u l t s  from 

Cosmos 49 and t h e  350 km map from Cosmos 26, t h e  lower a l t i t u d e  range 

of t h i s  ear l ie r  spacec ra f t  makes t h i s  a l o g i c a l  assumption. We summarize 

below a comparison of r e s u l t s  assuming t h e  350 km map t o  be epoch 1964.2, 

t h e  450 km map epoch 1964.8, and t h e  cen te r  p o s i t i o n s  taken  from t h e  

maps : 

350 km N & K  24's 48% 2 0 9 0 0 ~  t o  21100 
1964.2 GSF C (1 21 66) 23.9OS 47.8OW 2100oy 

1964.8 GSF C ( 121 66) 23.3's 47.5% 20190 
450 km N & K  23's 47.5% 2 0 1 0 0 ~  t o  20300 

Considering t h e  f a c t  t h a t  t hese  r e s u l t s  were der ived from e n t i r e l y  

d i f f e r e n t  d a t a  and techniques of a n a l y s i s  t h e  agreement i s  remarkable! 

A s  w e  have ind ica t ed  (Cain e t  a l . ,  196713) t h e  e r r o r  es t imates  on t h e  

GSFC(12/66) model are  of t h e  order  of a few t e n s  of gammas a t  epoch 

1965.0. Although no e x p l i c i t  mention i s  made by Konovalova and Nalivayko 



-6 - 

(1967)  of t h e  accuracy of t h e i r  r e s u l t s ,  t h e  c lose  agreement i n  f i e l d  

between our r e s u l t s  and a f i e l d  value i n  t h e  middle of t h e i r  es t imated 

f i e l d  range i n d i c a t e s  t h a t  t h e i r  e r r o r s  must be somewhat less than  t h e  

200y t o l e rance  they  allow. 

We a l s o  f i n d  t h a t  we are i n  good, though not p e r f e c t ,  agreement with 

t h e i r  experimental  f i e l d  g rad ien t s  as i l l u s t r a t e d  by t h e  fol lowing t a b l e :  

AFlhh ( y l W  

N & K  - GSF C* - P o s i t i o n  Lat . Lonp;. 

(350 km) (450 km) 

1 -6 -3 7 10.2 9.6 10 .9  

2 -9 -35 9.9 9.3 10 .4  

3 -16 -53 8.9 8.4 9.9 

4 -18 -50 8.6 8 .1  9.3 

5 -27 -42 7.9 7.5 8.7 

6 -37 -29 8.1 7.7 7.7 

7 -32 -43 7.6 7.3 8.4 

8 -6 -51 10.5 9.9 10.3 

Thus t h e  closeness  of agreement of t h e  f i e l d  va lue  a t  t h e  minimum 

may not r e f l e c t  such good comparisons a t  o the r  l o c a t i o n s .  Over an 

a l t i t u d e  range of s eve ra l  hundred k i lometers  i t  would appear t h a t  d i f -  

fe rences  of t h e  order  of a few hundred gammas could be a n t i c i p a t e d .  

*Evaluated a t  1965.0. The g r a d i e n t s  change less t h a n  O.ly/km per  yea r .  
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The p o s s i b i l i t y  of t h e  Braz i l i an  anomaly's having a double 

minimum near 42OW and 55OW was noted by Muzzio, e t  al., (1965) a s  a 

prel iminary r e s u l t  from t h e  Alouet te  ionospheric  s a t e l l i t e .  Since 

t h e  h ighes t  harmonic i n  t h e  GSFC(12/66) f i e l d  is  of order  and degree 

10, t h e  r e so lvab le  wavelength near t he  minimum i s  of t h e  order  of 

(360/10)cos 23' = 33' i n  longi tude ,  a f i g u r e  much l a r g e r  than  t h e  13' 

d i f f e r e n c e  between cen te r s  suggested by Muzzio, et  a l .  (1965). The 

f i e l d  model would thus  not follow such a r ap id  v a r i a t i o n  and i f  t h i s  

f e a t u r e  e x i s t e d  it would be c l e a r l y  evident i n  t h e  r e s i d u a l s  of t h e  

da t a .  An inspec t ion  of sample data  i n  t h i s  a r ea  shows no evidence of 

dev ia t ions  l a r g e r  t han  a few t e n s  of gammas. We a r e  thus  i n  substan- 

t i a l  agreement with Konovalova and Nalivayko t h a t  t h e  f i e l d  minimum 

is a s i n g l e  low without apprec iab le  s t r u c t u r e .  
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Appendix 

L i s t e d  on the next page are the  GSFC(12/66)-1 c o e f f i c i e n t s  

(Schmidt normalized) used i n  t h i s  comparison. The value of a = 6371.2 km. 

i s  used i n  the (a / r )  terms. The epoch i s  1960.0 and the  f i t  i s  t o  survey 

data taken over the  period 1900-1965. 
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FIGURE CAPTIONS 

Figure 1 Contours of t o t a l  f i e l d  F over the  Brazi l ian  anomaly computed 

from GSFC(12/66) c o e f f i c i e n t s .  Posit ions of data a f t e r  

1960.0 used i n  determination of c o e f f i c i e n t s  are  p lo t ted  a s  

dot s .  (a)  350 km a l t i t u d e  (b) 450 km a l t i t u d e .  


